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Abstract
Vanadium oxide (VOX) thin films have been deposited on glass substrates with different oxygen flows (3, 3.2, and 
3.6 sccm) by means of magnetron sputtering process. We found that for different oxygen flows, the change of the 
infrared transmittance can be reached as high as 57 %, the transmittance contrast factor can be reached as high as 88 
%,and the phase transition temperature is decreased to 54 oC, it is an ideal material for application in energy-efficient 
windows. According to the X-ray diffraction results of the thin films, we observed that with the increase of oxygen 
flow, VO2 (200) diffraction peak decreases obviously.
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1. Introduction
Vanadium oxide thin films have been studied for some years, VOX have the forms of VO, V2O3, 
VO2 and V2O5 [1]. The vanadium-oxygen phase diagram includes mixed valence oxides with two or 
more oxidation states [2]-[3], Vanadium dioxide thin films undergo through a reversible first-order phase 
transition from monoclinic to tetragonal structure at about 68 oC [4], in this process, the optical and 
dielectric properties change obviously. As a low phase transition temperature from semiconductor to 
metal phase for vanadium dioxide thin films, it is widely used as ‘smart material’ for fabricating energy-
efficient windows [5]-[7], optical switching devices [8], uncooled thermal detector [9], electrochromic 
devices [10].
Vanadium oxide thin films have been widely prepared by magnetron sputtering method [11], among 
this, the partial pressure of sputtering gas (oxygen and Ar), sputtering temperature, sputtering time, 
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substrate temperature, annealing time and annealing temperature is very important for the structure of thin 
films. In this paper, we report vanadium oxide thin films deposited by magnetron sputtering method with 
different oxygen flows and investigate the infrared transmittance of the vanadium oxide thin films in the 
wavelength of 2.5 μm from 22 to 90 oC, it is found that for different oxygen flows, the vanadium oxide 
thin films have different transition temperatures. Also we analyses X-ray diffraction of the vanadium 
oxide thin films and find the relationship between the oxygen flow and the X-ray diffraction. 
2. Experimental
Vanadium oxide thin films were deposited onto the glass substrates by direct current magnetron 
sputtering method. The glass substrates were first cleaned with cotton in the cleanser essence, and then 
they were separately ultrasonically cleaned in the acetone and alcohol for 20 min, finally ultrasonically
cleaned in the ultrapure water for 20 min, the glass substrates were preserved in the alcohol. Glass 
substrates were dried by N2 gas and put into the vacuum chamber, when the vacuum chamber was
pumped down to 2×10-3 Pa with molecular pump, Ar (pure of 99.999 %) was introduced in the vacuum 
chamber, and the vanadium target (pure of 99.98 %) was pre-sputtering for 10min in the Ar atmosphere to 
get rid of the oxides and impurity substance, then O2 (pure of 99.999 %) was introduced in the vacuum 
chamber and the substrate temperature was maintained at 110 oC for the sputtering process. In this 
process, the flux of O2 and Ar were controlled by gas mass flux controllers, when the sputtering process 
was finished, the vanadium oxide thin films were annealed in the O2 atmosphere. For all the experiments, 
the experiment procedure was the same except the oxygen flow.
The crystal structures of the thin films were performed by the X-ray diffraction (XRD), and the optical 
properties were investigated by the infrared transmittance at 2.5 μm from 22 to 90 oC, the thin films were
heating with a thermoelectric plate heater, and the temperature was measured by a thermocouple located 
on the surface of the thin films.
3. Results and Discussion
3.1. Infrared transmittance.
It can be seen from Figure 1, the infrared transmittance in the room temperature is high but when the 
temperature goes up high, the infrared transmittance change very obviously to very low degree. From the 
figure, we can conclude the change of the infrared transmittance can be reached to about 57 %, this is a 
good property for the energy-efficient windows. There is a good parameter to measure the switching 
property of the thin films, it is called transmittance contrast factor [12]:
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TL is the infrared transmittance of low temperature, TH is the infrared transmittance of high 
temperature, so if we want to increase the transmittance contrast factor, we must increase TL or decrease 
TH.
It is clear from Figure 1, at the room temperature, the infrared transmittance of different oxygen flows 
(3, 3.2, and 3.6 sccm) are 65, 52, and 47 %, respectively. We can conclude that with the increase of the 
oxygen flow, the infrared transmittance tends to decrease to low degree. When in the high temperature, 
the infrared transmittance is very low, some thin films even approach to zero. This is in agreement with 
the studies of Balu [13] and John [14]. 
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It also can be seen from the figure 1, the infrared transmittance of 3.6 sccm in the high temperature is 
higher than that of 3 sccm and 3.2 sccm, we think this is mainly caused by the sputtering rate, in the 
sputtering process, the sputtering of Ar ions and the oxidation of oxygen ions have most important effect 
on the vanadium target. On one hand, because the oxygen flow is high, the concentration of Ar ion is low, 
the bombardment of Ar ion to the target is weaken, the sputtering rate is low, on the other hand, when the 
oxygen flow is high, the oxidation of oxygen to the target is strong, the sputtering rate is low, so when the 
oxygen flow is 3.6 sccm, the sputtering rate is lower than that of 3 sccm and 3.2 sccm, so the infrared 
transmittance is higher than that of 3 sccm and 3.2 sccm.
The infrared transmittance change with the temperature is mainly caused by the carrier concentration 
change with the temperature, when the temperature is low, the structure of the thin films are monoclinic, 
it is in the semiconductor phase, carrier concentration is low, when the temperature goes up high, because 
of the heat-excitation, the carrier concentration are increased but changed very slowly, when the 
temperature reach at the optical phase transition temperature, the crystal of the vanadium dioxide undergo 
a reversible first-order semiconductor-to-metal phase transition, the carrier concentration increase rapidly,
and the reflection to the photons is increased rapidly, so the transmittance of the thin films is decreased
fast. With the increase of the temperature, the number of grains in the semiconductor phase is decreased 
and number of grains in metal phase is increased, when the temperature goes up high to some degree, the 
carrier concentration has no obvious change, so the transmittance has little change [15].
Fig.1. Infrared transmittance of thin films heated from 22 to 90 oC for different oxygen flows.
3.2. Transmittance contrast factor in the 26 oC and 90 oC of different oxygen flows
We can calculate the transmittance contrast factor in the 26 oC and 90 oC of different oxygen flows 
from figure 1, as shown in figure 2. It can be seen from figure 2, the transmittance contrast factor of 3, 3.2 
and 3.6 sccm are 87, 88 and 65 %, respectively, the transmittance contrast factor in the oxygen flow of 
3.6 sccm is so low, this is because of that the infrared transmittance of 90 oC is so high in the oxygen 
flow of 3.6 sccm. Guinneton[16] found in his studies that the transmittance of vanadium oxide in the low 
temperature is high, but because of the high transmittance in the high temperature, the transmittance 
contrast factor is small, Balu[13] studied the effect of the film thickness to the transmittance of high 
temperature and found that the transmittance can be decreased to zero when the film thickness is 
appropriate.
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Fig.2. Transmittance contrast factor in the 26 oC and 90 oC of different oxygen flows.
3.3. Optical phase transition temperature
In order to estimate the optical phase transition temperature, we calculate the first derivation of the 
infrared transmittance as show in Figure 3. We can see from the figure, with the change of the oxygen 
flow, optical phase transition temperature decrease to 54 oC. The reason why the optical transition 
temperature is decreased is not clear in this work, the fact of the decrease of optical phase transition 
temperature suggests that the vanadium oxide thin films with lower transition temperature are good 
candidates for the application in the energy-efficient windows.
Fig.3. Optical phase transition temperature
3.4. Crystal structure
Figure 4 shows the XRD pattern between 20° and 60° for investigation crystal structure of the thin 
films prepare by the magnetron sputtering method. It can be seen clearly from the figure, there are two 
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peaks appear at 2θ=27.8° and 2θ=57.6°, they are the (011) and (022) reflections of the vanadium dioxide 
monoclinic phase, respectively. The peak of VO2 (011) is sharp. This indicates that the grains of the thin 
films have preferred orientation along the (011). There is a peak in the 2θ=55.5°, it is attributed to VO2
(211). Furthermore, for the oxygen flow 3 or 3.2 sccm, we can see there is a peak in the 37°, it is the VO2
(200), for the oxygen flow 3.6 sccm, the peak is decreased obviously, this indicates that the crystallization 
of VO2(200) is decreased with the increase of the oxygen flow, which is mainly correlated with the 
change of crystallization. Figure 4 also illustrates the fact that there is no other strong XRD peak 
corresponding to other crystalline vanadium oxides.
Fig.4. XRD patterns of thin films.
4. Conclusions
Vanadium oxide thin films have been deposited on the glass substrates by means of magnetron 
sputtering method. Oxygen flow is an important factor to influence the properties of the thin films. When 
the oxygen flow is 3, 3.2, and 3.6 sccm, the infrared transmittance contrast can reach as high as 57 %, and 
the transmittance contrast factor can be reached as high as 88 %, the optical phase transition temperature 
can be decreased to 54 oC, so it can be concluded, when the oxygen flow is appropriate, the phase 
transition temperature can be decreased to close to the room temperature, it can be used as the promising 
materials for energy-efficient windows.
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